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| 1.0 INTRODUCTION 


The Comprehensive Data Report includes the basic test description and test oA 
: results which are analyzed and documented in the companion Final Reports, NASA 

CR-3149 and CR-2990. Volume I contains a description of the acoustic configur- 

ations, test facilities, data reduction techniques, test conditions, and detailed 

test results from the hot, static acoustic tests at the General Electric Anechoic 

Chamber. Volume II presents acoustic data comparisons in graphic form. Volume 

III contains the detailed aerodynamic test results plus the "Concept Screening 

and Model Design Report." 
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2.0 DEFINITION OF ACOUSTIC CONFIGURATIONS 


Seven acoustic coannular nozzle configurations were selected for this test 
program. Sketches of each configuration are shown in Figures 1 and 2. In 
Table 1 selected geometric parameters are tabulated for each configuration. 
Besides these seven coannular nozzle configurations, a conical nozzle was also 
tested to serve as a baseline with which to evaluate the acoustic effectiveness 
of the coannular nozzle relative to the standard conical nozzle. 
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3.0 ACOUSTIC TEST FACILITY AND DATA REDUCTION TECHNIQUES 


3.1 THE ACOUSTIC ARENA 


3.1.1 Facility Description 


All acoustic testing was performed in the General Electric jet noise 
anechoic chamber located in Evendale, Ohio, which was built to support re- 
search in jet engine aircraft noise. The facility can accommodate model 
exhaust nozzle configurations ranging in size from a 2 mm to a 159 mm 
diameter model and has the capability to run both single and dual flow 


models. For the subject test program the dual flow capability was primarily 
employed. 


| In Figure 3 a cross section of the facility is shown. This eylindrical 
building is 21.95 meters high and 13.1 meters in diameter. The test chamber 
itself is divided into several major areas as shown on Figure 3, The lower 
chamber is used as an air plenum, allowing for the entrained air flow (in- 
duced during operation) to pass in through the inlet silencers and up through 
the false floor (as shown on Figure 4) into the anechoic chamber. The en- 
trained air becomes uniformly distributed within the plenum, thus eliminating 
any significant velocity effects throughout the chamber during operation. 

The design of the lower chamber was determined through scale model testing, 
with a design velocity requirement of 2.13 m/sec. Surfaces in the lower 
chamber are acoustically treated to prevent noises generated in the chamber: 
during operation, from passing down through the false floor and being reflec- 
ted back into the chamber. 


The auxiliary room, located on the west side of the chamber, is used to 
house the in-line acoustic muffler, primary and secondary stream burners, 
fuel control systems, and lower access rails for the laser velocimeter (LV) 
and ellipsoidal mirror (EM) cart. The auxiliary room is pneumatically sealed 


from the test chamber to prevent unsuppressed piping and burner noises from 
entering the test chamber. 


The test chamber itself is shown on Figure 5, along with a typical 
single-flow nozzle installation. Surfaces within the chamber are covered 
with anechoic wedges or wrapped with fiberglass to maintain their anechoic 
properties. Access to the test chamber area is achieved through a doorway 
opening onto the roof on the west wall of the chamber. Access ‘to the nozzle 
is provided by means of expanded aluminum flooring and railings, shown on 
Figure 5, which are removed from the chamber during acoustic testing as 
shown on Figure 6. 


During operation, the jet plume is dishcharged through the "T~shaped" 
exhaust silencer mounted on the roof of the chamber. This silencer arrange- 


ment effectively reduces the emitted noise to levels in compliance with Nd 
community noise standards. _ 
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Air is supplied from a central air system through a single pipe which 
penetrates the south wall of the cell (see Figure 7). Just inside the wall 
the air supply splits into two systems, the fan and core. The fan air is 
controlled by a single V-ball valve. However, the core air can be regulated 
by two V-ball valves, either in combination, with one acting as a bypass for 
fine tuning control, or with blank-off plates installed. Either valve can be 
used independently. Rupture discs are located between the flow measurement - 
section and the riser sections of ithe pipes. They constitute a safety. feature 
which prevents over-pressurization of the facility. The fan and core combus- 
tors are located in their respective risers which feed into the acoustically 
treated plenum. The top side of the plenum feeds into a coannular dual-flow 
riser which terminates in the test arena. Test nozzles are attached at this 
potat. 


3.1.2 Anechoic Wedge Specifications 


The wedges used in the test chamber were fabricated from Owens Fiber- 
glass "Intermediate Service Board" composed of fiberglass fibers bonded to- 
gether in a semirigid form with a binder rated for service at temperatures 
up to 455° C with a material density of 48.05 kg/m3. The wedges are grouped 
three to a module as shown on Figure 8 with each module comprised of a 61-cm 
x 61l-cm section. These modules are mounted on steel tracks fastened to the 
concrete cell walls, with a 7.62-cm air Space between the module base and the 
cell wall. The tapered surfaces of the wedges are covered with a wire mesh 
hardware cloth, and the wedge tips are covered with a strip of fine fiber- 
glass cloth to prevent feathering. 


In regions of the facility where the wedges may be subject to flow im- 
pingement and turbulence, the wedges are covered with a glass fiber cloth 
material to prevent degradation. 


This wedge geometry and material were selected for meeting the facility 
requirements of a cutoff sound below a frequency of 220 Hz and absorption 
coefficient of better than 0.99 at frequencies above the cutoff frequency. 


3.1.3 Microphone Locations 


The stationary microphones used for far-field measurements within the 
chamber are located on the east wall, ceiling and false floor in a vertical 
plane which includes the test nozzle. The microphones are positioned from 
40° through 160° (re: jet exhaust angle = 180°) in 10° increments. They are 
mounted on standoff brackets such that each microphone is 1.52 m from the 
plane of the wedge tips, with the brackets wrapped with 5.08 cm of fiberglass 
material to prevent reflections from influencing the data, as shown in Figure 
9, along with the man lift used for access to the microphone stations. 

During acoustic certification testing a microphone was traversed to within 
0.43 m of the wedge tips and inverse square law characteristics were main- 
tained, as shown in Figure 10 over the range of 160 Hz to -6300 Hz. The micro~ 
phones themselves are held in a swivel mount and are oriented for normal 
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incidence measurements relative to the sound field center point, defined by 
the nozzle discharge plane and nozzle axis. The microphone positions for 
each angular location are presented on Table 2, 


3.1.4 Burner Systems 


All burners and their fuel supply systems were designed to operate on 
either JP-4 or natural gas. However, due to the questionable availability of 
natural gas, the JP-4 system has become the prime operating mode for all 
burner systems. The general positioning of the burner systems within the 
facility are illustrated schematically on Figure ll. 


All burners are equipped with a high-flow and low-flow fuel dispersion 
system with their use dictated by thr required temperature rise and airflow 
rates. 


3.1.5 Plenum/Silencer System 


The primary and secondary streams pass through a coannular plenum which 
includes acoustically treated walls and internal baffles, as shown on Figure 
ll. This device was designed for suppression of flow noise resulting from 
valves, orifices, etc. which are radiated through the flow system, as well as 
for suppression of burner noise from the primary and secondary stream bur- 
ners. 


3.1.6 Automatic Temperature and Pressure Control Systems 


An automatic control system provides closed-loop setting of key param- 
eters in the anechoic chamber air supply system. These key parameters are 
the primary and secondary stream temperatures and pressures. This automatic 
control system is designed to maintain the stable temperature and pressure 
output required without drifting off the desired test conditions while test 
data are being obtained. A block diagram of this system is shown on Figure 
L2. 


3.1.7 Facility Operating Domain 


The facility operating domain for dual flow operation is defined in Fig- 
ure 13. 


3.1.8 Low Flow System 
One portion of the test matrix included test points requiring low flow 


rates in the inner stream (as low as 2% of the flow rate in the outer stream) 
to simulate engine bleed flows. In order to accurately set these low inner 
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incidence measurements relative to the sound field center point, defined by 
the nozzle discharge plane and nozzle axis. The microphone positions for 
each angular location are presented on Table 2. 


3.1.4 Burner Systems 


All burners and their fuel supply systems were designed to operate on 
either JP-4 or natural gas. However, due to the questionable availability of 
natural gas, the JP-4 system has become the prime operating mode for all 
burner systems. The general positioning of the burner systems within. the 
facility are illustrated schematically on Figure ll. 


All burners are equipped with a high-flow and low-flow fuel dispersion 
system with their use dictated by thr. required temperature rise and airflow 
rates. 


3.1.5 Plenum/Silencer System 


The primary and secondary streams pass through a coannular plenum which 
includes acoustically treated walls and internal baffles, as shown on Figure 
11. This device was designed for suppression of flow noise resulting from 
valves, orifices, etc. which are radiated through the flow system, as well as 
for suppression of burner noise from the primary and secondary stream bur- 
ners, 


3.1.6 Automatic Temperature. and Pressure Control Systems 





An automatic control system provides closed-loop setting of key param- 
eters in the anechoic chamber ‘air supply system. These key parameters are 
the primary and secondary stream temperatures and pressures. This automatic 
control system is designed to maintain the stable temperature and . pressure 
output required without drifting off the desired test conditions while test 
data are being obtained. A block diagram of this system is shown on Figure 
12. 


3.1.7 Facility Operating Domain 


The facility operating domain for dual flow operation is defined in Fig- 
ure 13. ee 


3.1.8 Low: Flow System 


One portion of the test matrix included test points requiring low flow 
rates in the inner stream (as low as 2% of the flow rate in the outer stream) 
to simulate engine bleed flows. In order to accurately set these low inner 
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Table 2, Far-Field Microphone Positions. 


Radial 
Distance 


ne 
6.91 
8.23 
9.50 
8.76 
8,36 
8.23 
8.36 
8.76 
9.5 
10.74 
10.09 
8.93 
8.23 


ft 


(22.66) 
(27.00) 
(31.18) 
(28.73) 


(27,42) 


(27.00) 
(27.42) 
(28.73) 
(31.18) 
(35.25) 
(33.12) 
(29.29) 
(27.00) 
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xX 
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4.44 
6.3 
8.23 


8.23 









8.23 
8.23 
8,23 
8.23 
8.23 
8.23 
6.49 
4.46 
2.81 


ye 


(14.57) 
(20.68) 
(27.00) 
(27.00) 
(27.00) 
(27.00) 
(27.00) 
(27.00) 
(27.00) 
(27.00) 
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(14. 64) 
( 9.23) 
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Y 
2 (ét) 
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Figure 11, General Electric Anechoic Facility Flow System. 
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General Electric Anechoic Facility Control System Schematic. 
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Figure 13, Dual-Flow Operating Domain, 
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flow rates, a separate flow metering device was utilized. A schematic of the 
basic features of the device is shown in Figure 14, The main air supply for 
the inner stream was blanked off and the flow was diverted into two smaller 
pipes. Each of these pipes has a flow nozzle and ax on-off valve. Thege 
flow nozzles accurately meter. the flow when the flow is choked. Knowing the 
upstream total pressure and the throat area of the flow nozzles, the weight 
flow was calculared as follows. 


For pipe flow the weight flow may be expressed as: 


Pug. Oe SE ek 


Wwe=cC ES =< 
D | aR leat 
. : ~ Ut | . 
2 
where W = weight flow (1bm/sec) 


Cp = nozzle discharge coefficient 
y = 1.4 for cold flow 
= 1716 £t2/sec? - ° R 
Bo = 32.174 lbm-ft//1bf-sec* 
A = area (in?) 
Pr = Total pressure (1bf/in2) 
M = Mach number 
= ratio of specific heats, = 1.4 for cold flow 


PA 
Tp 
The nozzle discharge coefficient is 0.985 + 1% for the flow nozzles used. By 


operating one or both pipe flows and by using different size flow nozzles, 
required core flows were obtained. 


3.2 ACOUSTIC DATA SYSTEMS 


3.2.1 Acoustic Data Acquisition System 


A schematic of the microphone data acquisition system used to obtain 
acoustic data during testing in the chamber is shown on Figure 15. This 
system has been optimized for obtaining the acoustic data up through the 80 
kHz 1/3-octave center frequency, the design operating range of the facility. 
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The microphone type used to obtain 80 kHz data is the B&K 4135 0.64 cm 
condenser microphone for far-field measurements. All testing is conducted 
with microphone grid caps removed to obtain tke best frequency response. 


The cathode followers used in the chamber are transistorized B&K 2619's 
for optimum frequency response and lower inherent system noise character- 
istics relative to the 2615 cathode follower. During the original system 
check-out, it was observed that these preamplifiers were sensitive to case 
vibrations transmitted through the mounting arrangement. B&K representatives 
.recommended modifying the transistor by adding a 5l-ohm 1/4-watt carbon re- 
sistor, in series with the signal output lead, to obtain improved signal 
stability. 


All systems utilize the B&K 2801 power supply operated in the direct 
mode, avoiding the sensitivity loss associated with the optional 50-ohm and 
200-ohm transformer outputs. 


The output of the power supply is connected to a line driver adding 10 
dB of amplification to the signal as well as adding "preemphasis" to the high 
frequency portion of the spectrum. These amplifiers were designed by General 
Electric (AEG Electronic Instrumentation Group) and built by Random Elec- 
tronics of Cincinnati. The net effect of this amplifier is a 10 dB gain at 
all frequencies, plus an additional 3 dB at 40 kHz and 6 dB at 80 kHz due to 
"preemphasis", increasing the ability to measure low amplitude high frequency 
data. es 


During system check-out, it was found that low frequency noise levels 
attributable to operation of adjacent engine test cells were being detected 
by the microphones within the test chamber. While the frequencies (less than 
20 Hz) were below the range of interest, the amplitude was limiting the 
amount of amplification that could be used when recording the microphone 
signal, resulting in noise floor problems at higher frequencies. In order to 
remove this low frequency noise, high-pass filters with attenuations of | ~ 
approximately 26 dB at 12.5 Hz decreasing to 0 dB at 200 Hz, were installed 
in the system. 


The tape recorder amplifiers were designed by General Electric and built 


by Random Electronics. They have a variable gain from -10 dB to +60 dB in 10. 


di steps and a gain trim capability for normalizing incoming signals. The 
prime system used for recording acoustic data is a Sangamo/Sabre IV, 28-track 
FM recorder. The system is setup. for Wideband Group I (intermediate band 
double extended) at 120 ips tape speed. While this high tape speed is un- 
attractive, it does provide the improved dynamic range necessary for obtain- 
ing the high frequency/low amplitude portion of the acoustic signal. The 
tape recorder is set up for + 40% carrier deviation with a recording level 

of 8 V peak-peak. .During recording, the signal is displayed on a calibrated 
master oscilloscope, and signal gain is adjusted to maximum without exceeding 
the 8 V peak-peak level. 
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Individual monitor scopes are used for observing signal characteristics 
during operation. On-line data monitoring is available via a Schlumberger 
EMR 1510 Analyzer or a General Radio 1921 1/3-Octave Analyzer with their out- 
puts on display scopes or hard copy via an x-y plotter. 


High-pass filters were incorporated in the acoustic data acquisition 
system to enhance high frequency data for microphones from 110° ~ 160° pre- 
viously lost in the tape recorder electronic noise floor. The microphone 
signal below the 20 kHz 1/3-octave band was filtered out, and the gain for 
the remaining high frequéncy noise was increased to boost the signal to 
noise ratio. For microphones from 110° - 160° both the filtered and unfil- 
tered signal was recorded on tape. For data below 20 kHz the unfiltered 
signal was used to calculate the sound pressure levels while for high fre- 
quencies the filtered signal was used. The entire jet noise spectra at a 
given angle was then obtained by merging these two spectra. Figure 16 illus- 
trates how the high frequency spectra was improved using this technique. 


3.2.2 Acoustic Data Reduction System 


During testing, on-line monitoring of the microphone signals is provided 
by means of wave form presentation via an oscilloscope. In addition, on-line 
data analysis may be performed in 1/3-octave bands using a GR 1921 Spectrum 
Analyzer or by narrowband analysis using a Schlumberger EMR 1510 Spectrum i 
Analyzer, with the results of either type of analysis displayed on an x~y ad 
plotter. . oo ; 


Off-line reduction of the recorded data is performed using the Automated 
1/3-Octave Reduction System, shown schematically on Figure 17. The recorded 
data are played back on a CEC 3700 B, 28-track system, with electronics 
capable of reproducing IRIG Wideband Groups I and II and Intermediate. band 
data. 


In the automatic operating mode, control of the system is provided by 
means of the GEPAC-30 computer and operator-provided information. The data 
to be sampled are located by means of a time code reader, indexing from the 
time code signal’ recorded on the data tape. This tape shuttiing is continued 
for each data channel, with sampling performed over the same time increment, 


_ until all channels of a particular reading have been processed. The system 
_ then advances to the next data point, based on the operator-supplied time 


reference, and repeats the shuttling process. 


All 1/3-octave analyses are performed using a General Radio 1921 1/3- : 
Octave Analyzer. A normal integration Lime of 16 seconds is used to provide * Ri 
adequate sampling of the low frequency portion of the data signal. The fre- 
quency range of processing is optional, with lower and upper limits of 12.5 
Hz and 125 kHz, respectively, based on the filter set capability of the 
analyzer; however, data are normally acquired to 80 kHz because of acquisition 
system limitations... The analyzer has a rated accuracy of + 0.5 dB with a 
0.25 dB resolution capability in each band. 
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' Bach data channel is passed through an interface to the GEPAC 30 com- 
puter, where data are corrected for frequency response of the acquisition and 
reduction system and for microphone head response. A "quick~-look" display of 
results is provided by means of a Terminent 300 console with data transferred 
and, stored in the Honeywell 6000 system via a direct time-sharing link. An 
alternate to this method provides these data on punched paper tape for sub- 
sequent input to the 6000 system, allowing 1/3-octave processing during pe- 
riods when the 6000 system is unaccessible. Processing in the 6000 system is 
performed via the Full-Scale Data Reduction (FSDR) Program, where calcula- 
tions are performed correcting data for atmospheric attenuation in accordance 
with SAE ARP 866 extended for frequencies greater than. 

10,000 Hz, with all data output corrected to a 15° C/70% relative humidity 
standard day. Additional calculations including data scaling, extrapola- 
tions, perceived noise level (PNL), overall sound pressure level (OASPL), and 
sound power level (PWL) also are performed. As an option, the output of FSDR 
is written on digital magnetic tape for subsequent processing or data plotting 


via Calcomp plotter routines. 


3.3 AERO DATA SYSTEM 


During facility operation, there are two main classifications of aero- 
dynamic data comprised of: (1) facility operating parameters used:for safety 
monitoring and setting test point conditions; and, (2) nozzle performance 
data used for determination of nozzle operating characteristics such as 
weight flow, Mach number, velocity, etc. A system schematic is shown. on 


Figure 18, 


3.3.1 | Facility Operatin Parameters 


The facility operating parameters are monitored during testing at the 
control console to ensure that prescribed facility limits are not exceeded 


and for setting test point conditions. 


The core and fan discharge pressures are measured from a single element 
on their respective rakes and are used for setting the desired nozzle pres- 
sure ratios. These parameters also are routed through a Dymec scanning sys- 
tem and recorded along with nozzle performance data by the aerodynamic data 


handling (ADK) system. 


Facility temperatures are monitored at the-control console using a Doric 
multichannel temperature indicator. The unit has 24—channel capability and 
is designed for use with Type K thermocouples (chromel~alumel). It is. used 
for safety monitoring and setting test point temperatures for the dual-flow 
system, which uses. Type K temperature rakes. 
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Figure 18, General Electric Anechoic Chamber Aerodynamic Data 
Processing System, 
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3.3.2 Nozzle Pressure and Temperature Measurements 


A critical parameter used in evaluating acoustic test results is nozzle 
exhaust velocity. Determination of this velocity depends on an accurate 
determination of the exhaust temperature and pressure which, in turn, depend 
on adequate sampling across the stream to account for profile effects. 
Special multielement rakes have been designed for use on the single- and 
dual-flow systems. 


The dual-flow system uses four rakes, two on each stream, each having 
three pressure and three temperature elements, with spacing of the elements 
corresponding to centers of six equal area annular segments of the flow 
stream. These rakes use shielded Type K thermocouples (chromel-alumel) that 
have a recovery factor very close to unity. 


Estimated accuracies for the temperature measurement of the dual-flow 
rakes are indicated on Figure 19, Pressure measurement accuracy is con- 
trolled by the accuracy of the transducer used for the measurement. The 
scanivalve transducers used for nozzle performance measurements are rated at 
0.1% of full-scale range. me : 


3.3.3 Performance Data Processing 


Aerodynamic parameters are calculated based on the temperature and pres- 
sure information acquired. The input information for nozzle performance con- 
sists of ambient pressure (Pg), nozzle discharge total temperature (Tr), and 
nozzle discharge pressure (Py). For the case of dual-flow, similar parame- 
ters are required for the secondary stream. 


Output of the processing program consists of tabulations of the indivi- 
dual input parameters with their identification, averages of similar param- 
eters (i.e., Pr rake average), and calculated parameters as indicated in the 
fellowing paragraphs: 


1. Gamma 
For Tg < 440° K (788.3° R); y = 1.4 
For Tg > 440° K (788.3° R); y = SRRCRSTIVETE 
(T,)* 


‘with Tg in ° R 


2. Isentropic or Ideal Mach number 
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Ts * o3/(telts) 


where Ts is ipitially assumed aqual to Tr. Starting with the gamma calcu- 
lation, the above calibrations are repeated by an iteration procedure until 
the difference in Ts between iterations is <1.0. 


3. Local Acoustic Velocity 
c = ygRTs 

4. Ideal Velocity (fully expanded) 
VeMec 

5. Calculated Ideal Thrust 


F = V W/g 


3.3.4 Meteorological Parameters 
3.3.4.1 Humidity and Temperature Measurement 


One of the parameters necessary for correcting acoustic data for atmo- 
spheric absorption is the humidity content of air through which the signal is 
propagating. Since varying nozzle operating conditions may cause changes in 
the chamber environment during the course of testing, a-means of remote 
humidity readout is required. This is accomplished by means of a Hygrometrix 
Model 8501 Relative Humidity System. This system utilizes a Xeritron sensor 
that is an assembly of hygromechanical crystallite structures and pieso- 
resistive silicon strain gages on a common substrate. The sensing element 
responds to changes in relative humidity. by a dimensional change reflected 
in the strain gage resistance, with its resistance being proportional to the 
relative humidity. 


Temperature at the humidity sensor location is measured using a Type K 
thermocouple. Readout of both temperature and relative humidity is provided 
at the cell control panel and is logged for each test point. Provision 
exists for humidity readout from any of the microphone positions; however, 
the sensor is mounted at the 40° microphone position, as this location repre~ 
sented a good approximation of mean chamber conditions as determined from an 
environmental survey. 
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The manufacturer's stated accuracy for this system is ' 2% over the 
range of -40° © to 1250° CG. A detailed deseripttion of the sensor and sig- 
nal-conditioning, readout, and calibration procedures may be found in the 
vendor's operations manual. 


3.3.4.2 Wind Speed Measurement 


To ensure that the requirement of an entrained airflow velocity not 
exceeding 2.13 m/sec was met, an anemometer system has been provided for use 
in this test chamber. This system can be affixed to any of the far-field 
microphone stations with remote digital readout at the control console. This 
unit is a Climet 011-1 wind speed transmitter, a research grade sensor using 
a 2-cup anemometer assembly and a light beam chopper producing a square wave 
output whose frequency is directly proportional to rotational speed. The 
velocity threshold of this instrument is 0.27 m/sec. Over the range from 
the threshold to 4.57 m/sec; the rated accuracy is + 0.067 m/sec. 


Based on results of the ambient survey conducted during chamber check- 
out, mounting the sensor at the 40° position was chosen as being represen- 
tative of the chamber conditions. 


3.4 ANALYSIS OF VARIANCE ~ OVERALL PRECISION OF THE ACOUSTIC MEASUREMENTS 


There are two terms which are used to describe the deviation of data 
from its expected value: precision and accuracy. In a statistical sense 
precision is concerned with the random scatter of the data when comparing the 
mean of the data with a particular sample. Accuracy is a term describing the 
amount of bias or systematic error in a data population when comparing the 
mean to a fixed or known value. 


Figure 20 represents a montage of error sources which contaminate the 
pure jet noise and result in significant loss of accuracy and precision. 
Such biasing errors include contamination from: 


Item l. Non-anechoic environment and near-field deviations from in- 
verse square law 


Item 2. Variation of the frequency response of the data acquisition 
and reduction systems 


Item 3. Inaccuracies in aerodynamic instrumentation of fluctuations in 
the jet aerodynamic conditions 


Item 4. Precision errors in the ai: attenuation model due to environ- 
mental fluctuations, gradi: nts and measurement inaccuracies 


Item 5. Ambient levels in the chamber 
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The manufacturer's stated accuracy for this system ts ' 2% over the 
range of -40° G to 1250° CG. A detatted deseription of the sensor and sig- : 
nal-conditioning,; readout, and calibration procedures may be found in the 
vendor's operations manual. 


3.3.4.2 Wind Speed Measurement 


, To ensure that the requirement of an entrained airflow velocity not 
exceeding 2.13 m/sec was met, an anemometer system has been provided for use 
in this test chamber. This system can be affixed to any of the far-field 
microphone stations with remote digital readout at the control console. This . 
unit is a Climet 011-1 wind speed transmitter, a research grade sensor using 
a 2-cup anemometer assembly and a light beam chopper producing a square wave 
output whose frequency is directly proportional to rotational speed. The 
velocity threshold of this instrument is 0.27 m/sec. Over the range from 
the threshold to 4.57 m/sec; the rated accuracy is + 0.067 m/sec. 


Based on results of the ambient survey conducted during chamber check- 
out, mounting the sensor at the 40° position was chosen as being represen- 
tative of the chamber conditions. 


3.4 ANALYSIS OF VARIANCE ~ OVERALL PRECISION OF THE ACOUSTIC MEASUREMENTS 3 


There are two terms which are used to describe the deviation of data 


from its expected value: precision and accuracy. In a statistical sense 


precision is concerned with the random scatter of the data when comparing the 
mean of the data with a particular sample. Accuracy is a term describing the 
amount of bias or systematic error in a data population when comparing the 
mean to a fixed or known value. 
1 

Figure 20 represents a montage of error sources which contaminate the 
pure jet noise and result in significant less of accuracy and precision. 
Such biasing errors include contamination from: 


Item 1. Nous anechose environment and near~field deviations from in- F 
verse square law 


Item 2. Variation of the frequency Hespense of the data acquisition 
and reduction systems 


Item 3. Inaccuracies in aerodynamic instrumentation. of fluctuations in : 
the jet aerodynamic conditions ; i 


Item 4. Precision errors in the air attenuation model due to environ- 
mental fluctuations, gradi:nts and measurement inaccuracies 


Item 5. Ambient levels in the chamber 
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Item 6. Contamination from piping and combustors 
Item 7. Contamination from electronic noise floor. 


The problem is then defined. Given an acoustic facility which generates 
a typical frequency spectrum such as shown by the symbols on Figure 20, make 
the necessary modification or establish appropriate correction factors to the 
data so the facility will produce the desired jet noise spectra indicated by 
the dashed line on Figure 20. Furthermore, the precision of the final cor- 
rected sound pressure level with frequency will exhibit specific standard 
deviations from the lowest frequency of interest to 80 kHz as indicated by 
the precision band on the figure. 


Calculation of the precision error was carried out for an ambient tem- 
perature of 15° C and 70% relative humidity and three representative jet 
conditions: 





Table 3 shows the intermediate standard deviation obtained from root-: 
sum square of the standard deviations from inverse square law testing which 
is o1, accustic instrumentation, 09, aerodynamic instrumentation, 03, and 


_ fluctuations in the air attenuation correction at 70% RH, og. Details of 


these calculations are presented in Reference 1, 


The three jet spectra at 90° are shown plotted on Figure 21 using SAE 
ARP 876 prediction scheme. Superimposed are the contamination levels from 
ambient noise, microphone floor and flow noise with the transmission loss 
subtracted to account for the attenuation by the nozzle. The cell ambient is 
seen to have no effect on the jet levels. The: microphone fioor, has minor 
influence on the 80 kHz and 100 kHz levels of Cases 2 and 3. Flow noise 


' corrected or nozzle attenuation affects the jet noise below 630 Hz. Assuming 


a standard deviation of +5 dB for both the flow noise and the microphone 
floor, the total standard deviation of the measurement was calculated from 
the values in Table 3. The results are given on Table 4. 





1. Report No. FAA-RD-76-79, 1A; High Velocity Jet Noise Source Location and 
Reduction; Task 1 Supplement - Certification of the 14 General Electric 
Jet Noise Anechoic Test Facility; February, 1977. 
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Table 3, Standard Deviation Due to Deviation from Inverse Square Lav, 
Acoustic and Aerodynamic Instrumentation Accuracy, and Air 
Attenuation Fluctuations, 








wn 


Air 
Frequency Aerodynamic Attenuation 
Near Field Response Instrumentation Precision 
£ o,* ok Oi nt 
1 "2 °3 4 
3-11) ys 2 
“T60 1.7 0.28 0.5 0 1.79 
125 0.95 0.28 0.5 | fe) 1.23 
160 OL4 0.28 0.5 fo) 0.7 
200 0.75 0.28 0.5 re) 0.94 
250 Osh 0.28 0.5 ) 0.7 
315 O.4 0.28 0.5 O 0.7 
400 0.3 0.28 0.5 ) 0.67 
500 0.35 0.28 0.5 oO 0.67 
630 0.55 0.28 0.5 oO 0.8 
800 0.35 0.28 0.5 fe) 0.67 
10CO O.4 0.28 0.5 oO Oe7 
1250 0.25 0.28 0.5 oO 0.63 
1600 0.45 0.28 0.5 fe) 0.73 
2000 0.4 0,28 0.5 oO 0.7 
2500 0.4 0,28 0.5 re) 0.7 
3150 0.25 | 0, 28 0.5 ) 0.63 
4000 0035 0.28 0.5 O° 0.67 
5000 O04 0428 0.5 O° 007 
630 0.45 0.28 0.5 O 0.73 
8000 0.7 0.28 0.5 ce) 0.9 
10000 0.6 0.33 - 0.5 0. 0.84 
12500 0.6 | 0.33 0.5 0.1 0.8 
16000... 0.75 0033. | 0.5 0.2 0.98 
20000 0.65 0.330 | 0.5 0.35 0.99 
25000 0.6 0.330 G25 O05 0.99 
31500 0.55 0.33. .! 0.5 0.7 1.07 
40000 0.7 0.33 065 0.95 1.33 
50000 0.8 0.33 0.5 1.25 1.6 
63000 0.8 0.33 005 1.6 1.89 
80000 1.2 0.33 065 252 2.58 
100000. 0.75 Ge 33 0.5 3.0 3.15 
* Most Severe Case 
x* At 70% 
i 
a =» 
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Table 4, Standard Deviation Due to Flow Noise 


0, = 


and Microphone Floor. 


[Flow noise ~ 5 dB 


“Case 1 Case 2 Case 3 











He c Total % OTotay © Total 
100 3.0 2.05! 4.5 1.86 3.5 1.98 
125° -0.5 2.44) -2.0 2.08, 1.5 2.19 
160 2.0 1.98 2.0 1.98 1.0 2.25 
200 -3.0 1.78 -1.5 2.14 -7.0 1.14 
250. 1.0) 2.25 15. 241 . 33.6" 4:73 
315 -1.7 2.06 -2.7. 1.81 0.5 2,39 
400 0.5 2.38 -4.0 1.50 4.0 1.50 
500 2.0 1.98 =-1.0 2.24 3.00.68 
630 6.4 1.14 6.9 1.08 ane Des 
80K ~-- ote 5.0 2.27 5.0 2.27 
190K 9.5 2.85 -7.5 4.24. =-705 G25 
(Mic Floor) 

Cute * > 
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Tape recorder noise floor would have the most severe effect on Case 2, 
since its spectrum peak is at the lowest frequency. This situation is 
studied in Figure 22 at the optimum gain, which may typically be experienced 
in practice (10 dB aff and 20 dB off). The Wideband Group I recorder floor 
is seen to influence the jet spectra to various degrees above 40 kHz. Table 


5 presents the calculation of the total standard deviation from the values in 


Tables 3 and 4. 


Figure 23 shows the composite standard deviation of measured data from 
all contamination sources. Over the 400 Hz to 80 kHz range intrest mea- 
surements to within 42.5 dB standard deviation can be obtained. Between 630 Hz 
and 31.5 kHz, the precision is within +1 dB. 


Bias errors which give repeatable deviations from pure jet noise due to 
flow noise, electronic noise floor or inaccurate air attenuation corrections 
have not been considered in this calculation because of lack of information 
about the degree of bias in any particular situation. It is noted with 
respect to the electronic noise floor that for this program a dual filter 
technique was utilized to eliminate the electronic noise floor at the high 
frequencies. This technique is discussed in Section 3.2.1. Floor noise is 
only significant at low frequencies and when the model scale data is scaled 
up to full size, this flow noise is shifted to frequencies (less than 50 Hz) 
which have very low noy weightings. 


3.5 CERTIFICATION 


Reference 1 summarizes the certification testing of the General Electric 
Jet Noise Anechoic Test Facility which was used in this program. A complete 
description of the facility is presented along with an evaluation of the 
precision and accuracy of the acoustic measurements. Jet Noise measurements 
from conical nozzles are compared with classical referee data. 


Table 5. Contamination from Tape Recorder Floor. 


(Case 2: Typ = 600 K (1080° R)3 Vy 305 m/sec -(1000 ft/sec) 


7. SFf1oor = 3 GB 


Optimum Gain Off 10 dB in Gain Off 20 dB in Gain 


kHz 5S Total : °Total 6 °Total 

40 8.5 1.2 

50 3.5 1.44 

63 7.5 -2.5 2.55 

80 5.0 2.09 - 3.0 1.86 ~-13.0 2.32 

100 -8.0 3.83 -18.0 3.0 -28.0 3.0 
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4.0 ACOUSTIC TEST POINT DEFINITION. 


© measured aerod 
est points taken on e 


re presented in béthi 
International System of Unit 


aerodynamic parameters, the 
"mixed" Conditions were calculated a 


are perfectly mixed together, 
temperature 


ynamic test conditions 
ach configuration. 
English units (Table 6) and in the 

S (Table 7), Besides the inner and outer flow 
e Conditions are also tabulated. 


Ssuming that the inner and outer streams 
The resulting mixed velocity (VMIX) ang total 
(TpMIX) are defined as 


For convenience, 


yMIX _ v9 w° + vi yi 
EE OW 
we + wi 

and 


MIX _ Tr? wo + tpt yi 
Tp = PA pw 


we + wi 


From this mixed velocit 
parameters were ca 
which can be found 


y and total temperature, 
iculated using standard compre 
in Reference 2, 


the other mixed aerodynamic 
ssible fluid flow equations 


Reference 2, T.H. Edelfelt, 


Compressible Flow Data, General Electric 
Report Number R52GL~300 dated December 9, 1952, 
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Table 7. 


3.727 
2.687 
2,296 
2,118 
1.960 
2.776 
2.591 


as 
3,727 
2,687 
2,296 
2,118 
1,960 
2.776 
2.591 


Conical Nozzle 


es ee 
2579 1741 1231 11.486 
2296 1757 1361 8,247 
2096 1709 1380 7.141 
1973 1660 1368 6,691 
1853 1618 1360 6.273 
1606 847 632 12.468 
1554. 844. +643 (11.634 
Table 6. Concluded. 
Conical Nozzle 
ce a aD 
786 967 684 5,210 
700 976 756 3,742 
639 949 767 3,239 
601 922 760: 3,035 
565 899 756 2,845 
490 471 35). 5.655 
474. 469 357-5277 


Measured Aerodynamic Parameters, 
System. of Units. 


F ae 
919.9 
588.1 
464.8 
410.0 


361.0 


621.9 
§61.5 


F 


-4091,7 


2615.9 
2067.4 
1823.7. 
1605.7 
2766.2 
2497.6 
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5.0. ACOUSTIC DATA SCALING AND NORMALIZATION 


i 


Acoustic measurements were made on seven different configurations each.. 
having a different geometry as defined in Section 1.0. The total flow area 
(inner stream plus outer stream) changed from model to model. along with the 
ratio of the outer to inner stream areas. Therefore, in order to make com- 

. parisons on common sizes (as presented in Section 7. 0), all acoustic. data was 
scaled to both a common model size and a larger engine size. The model size: 
was chosen as 29.399 in.“ which is the largest total area of any model tested. 
The data was also scaled to 513 in. 2, which is the largest area to which all 
test points could be scaled because of a limit on the ratio of the scaled model 
area of G4. At this scale factor there is a nine band 1/3-OB shift WhEGH shifts 
the 80-kHz data to 10 kHz, 


For bie test points which investigated the effect of low inner flow, 
the outer stream area was scaled to both 29.399 in.? and 513 in.2, For the 
low inner flow test points the thrust generated by the outer stream is 
dominant over that from the inner stream; therefore, the scaling was done 
on the basis of the outer stream area alone. For all other test points the 
scaling was done on the basis of total flow area since both streams con-. 
tribute to the engine thrust. This scaling technique results in each 
configuration having a different scaled thrust level for given inner and 
outer stream aerodynamic conditions (V, Ty,Pp) because the area ratio 
changes from configuration to configuration. Therefore, it was necessary 
to apply an additional normalization to adjust all data points to a common- 
reference thrust level when configurations were compared to isolate geometry 
effects. This was accomplished by applying a factor [-10 log F/Fre¢] to 
ali sound pressure levels. In effect this adjustment physically represents 
an increase or decrease in the total weight flow (by means of an area 
change) to obtain a given thrust level with the pressure ratios, total 
temperatures, and velocities defined by that particular test point. For 
model size comparisons an additional factor [-10 log Aq/R2] was applied to 
the acoustic data to present the data on a unit nozzle area and unit radius 
arc basis. Note that the air attenuation from the unit radius to the 
measured arc distance (12.2 m) was not added back in the acoustic data. 

For the model size comparisons the SPL normalization was as follows: 


= Pa 2 im : 
ete, te SNORM. LOlog Ap/R2 - 10log (Fy/Aq)/(F/A) pa 


(F/A)apr = 10.0 lbf/in.* was chosen as the reference thrust per unit area. 


Ay =A’ +A° = Total Model Area for High Inner Flow Cases 





An = A° = Outer Stream Area for Low Inner Flow Cases (Low Inner Flow Cases 
j Being Those Where Wi/We,= ‘0. -14). 
Fr = we v" + w° v° = Total Ideal Thrust 
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For the full scale (513 in.?) acoustic results only a thrust normali- 
zation was used. The perceived noise level normalization was therefore: 


PNLyoRM = PNL - 10 log Fy/Frep 


where F = 5130 1bf 


Ref 


This reference thrust was derived as follows: 


Frer/Apgr = 10.0 1b£/in.? 


_ AREF = 513 in.2 


therefore, Frrp = 5130 Ibf. 
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6.0 DETAILED TABLES OF ACOUSTIC TEST RESULTS 


In this section the measured acoustic farfield data are presented for each 
test point defined in Section 3.0. The acotistic farfield data consists of the 
1/3 octave band sound pressure levels at anptes to the fntet From 40° through 
160° in 10° increments. ‘The power level spectra is also presented along with 
the calculated OASPL and PN at each angular location. 


Three different tabulations of the acoustic farfield data are presented 
for each acoustic test point. The data is presented for the following sizes 
and extrapolated distances: 


Size Acoustic Range 
a Actual Model Size 12.19 m (40 ft) Arc 
(Varies from Configuration to Configuration 
Be 0.33 m2 (513 in.*) 45.72 m (150 ft) Arc 


3. 0.33 m2 (513 in.2) 731.5 m (2400 ft) Sideline 


An exception to the full-scale data being presented at 513 in.2-is made 
for Runs 1-10 on Configuration 1 which were scaled to 1812 in.2 for comparison 
with data from report NASA CR-135239. ue 


The measured acoustic farfield data for all the test points defined in 
the test matrix may be located knowing the test point number and the con-. 
figuration number. There are eight sub-sections, one for each conf igura- 


tion (including the conical) containing the measured acoustic data. A 
description of the three types of far-field acoustic data sheets is presented 


in Figures 24 through 26 with all the key parameters defined, These sheets are 
self-explanatory with the exception of the model scale size. For those test 
conditions with low amounts of inner flow (Wi /Wp = 0.14), the size given cor- 
responds to the outer stream area alone. For the high amounts of inner flow 
(Wi /Wep > 0.14), the size corresponds to the sum of the outer and inner 

stream areas, 


In the data handling process there were instances when the acoustic 
data at a given microphone location were incorrect by a multiple of 10 dB. 
The microphone positions where this occurred are noted with an asterisk 
and the data are presented uncorrected. 


The "Purpose of Run" descriptions are identified as follows: 


REPEATS - match points with data from NASA CR-135239 (Conf. 1) 
LOWFLWC - low inner flow condition (wi/ Wy < 0.14) 

ZEROFLW - zero inner flow condition (wi/Wep = 0) 

HIGHELW - high inner flow condition (wi/W, > 0.14) 

VELDEPN - inner: flow velocity variation 

CONTSTA - outer flow static temperature held constant 

TEMPDEP - outer flow total temperature variation 


REPEATH - repeat point for this program (Conf. 7) 
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6.1 Measured Acoustic Data 


® Coannular Configuration 1 ° = 41.057 in. 


> 
nl 


CLLZZLIITILILID a) = 0.902 Ap = A° + A” = 28.305 in.” 
(@] 


(R) = 0.673 
i Bent Plug 





Where: 


R.. = Radius Ratio 


| A = Area 


Subscripts: o = Outer 
i Inner 
t = Outer + Inner 
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6.8 Acoustic Data Conical Nozzle 


Ap = 16.916 in.2 
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